COM3101 Database Systems


Notes 1 - An Overview of Database Management

1. Introduction

Thinking:

Know any database packages?

Example of a small database?

Example of a large database?

· A database system is basically a computerized record-keeping system.  It is a collection of information that is organized for ease of reference, e.g. telephone directory, real estate listing (any other examples ?).

· A database is a repository for a collection of computerized data files.

Examples:

1. A manufacturing company ->

2. A bank ->

3. A hospital -> 

4. A university ->

What kinds of data do each of the above organization need to be maintained?

The user of a database system will be given facilities to perform a variety of operations, including:

1. Adding new, empty files to the database

2. Inserting new data into existing files

3. Retrieving data from existing files

4. Updating data in existing files

5. Deleting data from existing files

6. Removing existing files, empty from the database

Example: Figure 1 A suppliers-and-parts database
Remarks:
1. files -> relational tables

2. rows of a table -> records

3. columns of a table -> fields

Overall purpose of a database system

1. to maintain information

2. to make that information available on demand

Differences between data and information?

2. What is a Database System ?

A database system has essentially four components.

Figure 2 Simplified picture of a database system

1. Data

· Assumption: all data is held in a single database.

· Physical access of data should not be the concern of the user.

· Data in a database will be integrated and shared.

Integrated

A database can be thought of as a unification of several otherwise distinct data files, with any redundancy among those files either wholly or partly eliminated.

E.g. Employee file -> name, address, department, salary, ………


    Enrollment file -> name, course, ………

Is it necessary to put department in the enrollment file?

Shared

Individual pieces of data in the database can be shared among several different users, sometimes even at the same time, i.e. concurrent access.

E.g. users in personnel department and education department shared the employee and enrollment files.

Remarks:

1. Shared is the consequence of the fact that the database is integrated.

2. Any given user will typically be concerned only with some small portion of the total databases, i.e. different views. e.g. supervisor can see the whole view while other types of users can only see a small portion.

2. Hardware

The hardware portions of the system consist of:

1. Secondary Storage, e.g. magnetic disks and I/O device (disk drives)

2. The processors and associated main memory that are used to support the execution of the database system software.

3. Software

· Between the user and the actual database is a layered of software, database management system (DBMS).  E.g. adding and removing files (or tables), retrieving data from and updating data in such files (or tables), SQL operations can be used.

· The DBMS provides users with a view of the database that is elevated somewhat above the hardware level, and supports user operations that are expressed in terms of that higher-level view (much as programming language systems shield application programmers from hardware level details).

· Other software includes utilities, application development tools, design aids, report writers, and so on.

4. Users

Three broad classes of user.

Application Programmers

Responsible for writing application programs that use the database, e.g. COBOL, C, or Pascal.  These programmers can support end users.

End Users

Interact with the system from an online terminal. The end user can use the interface provided as an integral part of the database system software, e.g. an query language etc.

Database Administrators (DBA)

Carries out the technical aspects of a database, this may include operation, implementation and maintenance.

Note:

Data Administrator (DA) is a person who understands the need of the enterprise with respect to data, at a senior management level.  It is his / her job to decide what data should be stored in the database in the first place, and to establish policies for maintaining and dealing with that data once it has been stored.

3. Benefits of the Database System Approach over Traditional File Processing System

In other words, centralized control of the data.

1. Redundancy can be reduced

· Without this, storage spaces may be wasted.

(Any example to support this?)

2. Inconsistency can be avoided

· Multiple copies of the same data may not agree because of some redundancies are still existed.  (For example, two entries of employee #3 work in department #8 in a database but only one of the two files has been updated.)

(Any relationship between redundancy and inconsistency?)

3. The data can be shared

· Existing applications may share data in the database.

· New applications may use the same set of data stored in the database; there is no need to create any additional data.  For example, education department can use the same data of the employee records in HR department.

(Any relationship among data sharing, redundancy, and inconsistency)

4. Security restriction can be applied

· The DBA can ensure that the means of access to the database is through the proper channels.

· Checks to sensitive data may now be possible and implemented.

5. Integrity can be maintained

· To ensure that data is accurate.

· Inconsistency is an example of lack of integrity.  Why?
4. An Architecture for a Database System
The ANSI/SPARC architecture is divided into three levels, known as internal, conceptual and external levels.

Figure 3 The three levels of the architecture

1. External View (User view)

· Closest to the users, i.e. concerned mainly with the way data is viewed by individual users.

· There may be many of these views, i.e. there may be many users seeing different parts of the database.

2. Conceptual View (Logical)

· Concern mainly with the entire database.

· There is only one such view.

· What data are actually stored and the relationships exist among the data.

3. Internal View
 (Physical)

· Closest to physical storage, i.e. concerned with the way data is physically stored.

· There is also one such view.

Figure 4 An example of the three levels

5. Data Independence

The ability to modify a scheme definition in one level without affecting a scheme definition in the next level.  Scheme:  Overall design of the database.

1. Physical Data Independence

· The DBA should have the freedom to change the storage structure or access technique in response to changing requirements, without having to modify existing applications.

· In other words, the ability to modify the physical scheme, e.g. performance improvement, without causing the conceptual scheme or external scheme (application programs) to be rewritten.

2. Logical Data Independence

· Different applications have different views of the same data. The DBMS should provide the isolation between the data and the applications. As it is, all of the conversions should be done by the DBMS.

· In other words, the ability to modify the conceptual scheme (e.g. add fields) without causing the external scheme (application programs) to be rewritten.

A database should be able to grow without affecting existing applications, i.e. require data independence, e.g. add new fields to records, add new records, entities, etc.

6.  Database Language: SQL (Structured Query Language)

1.  Data Definition Language (DDL)

· A special language to express database schemas.  In other words, it supports the definition or declaration of database objects.  For example, the language may provide the user with constructs such as create, alter, and drop.

· Compilation results are stored in data dictionary.

· A data dictionary contains data about data.

2.  Data Manipulation Language (DML)

· A language enables users to access or manipulate data as organized in the appropriate data model.  In other words, it supports the manipulation or processing of such objects.  Commands such as select, insert, update, and delete may be used.

· Embedded DML with host language (normally a programming language that is used to by the programmer to develop the entire system) for providing various non-database facilities such as variables, computational operations, control-flow.

7.  Database Management System (DBMS)

A program interfaces between the low level physical database (the internal level) and the application programs (the external level).  Functions include:

· Data Definition - To accept data and convert to the appropriate object form

· Data Manipulation - To retrieve and store data.
· Data Security – To provide access right and prevent illegal access to data

· Data Integrity – To maintain consistence and prevent data constraint violations within the database
· Data Recovery and Backup – To detect failures and restore database

· Data Concurrency – To control concurrent updates
· Data Dictionary (DD) - To record information about data
8.  Database Administrator (DBA)

He or she is the central control over the DBMS.  Functions include:

· Defining the Conceptual Schema, i.e. the logical database design

· Defining the Internal Schema, i.e. the physical database design

· Supporting users that include writing the necessary external schema and providing technical education.

· Defining Security, i.e. granting authorization for data access

· Integrity Constraint Specifications.

· Defining Backup and Recovery Procedures

· Monitoring Performance and Responding to Changing Requirements

9.

Relational Systems and others

· The relational model is the single most important development in the entire history of the database field.

· A relational system is a system in which :

1. The data is perceived by the users as tables.

2. The operators at the user’s disposal are operators that generate new tables from old. e.g. one operator extracts a subset of the rows of a given table, another extracts a subset of the columns.

· New approaches: Object-oriented DBMSs and expert DBMSs, etc.
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